PATENT SPECIFICATION 



766,677 




Dote of Application and Filing Complete 

Specification: May 5, 1954. No. 13094/54 

Application made In United States of America on May 5, 1953. 

Complete Specification Published: Jan. 23, 1957. 



Index at Acceptance -—Class 2(3), C3AI3A3(AIC: AID: A* A3: Bis B2: L), C3AI3C(1B: 9: 10E). 
International Classification C07b, c. 



COMPLETE SPECIFICATION 



Production of Alcohols. 



We, Monsanto Chemical company, a 
Company organised under the Laws of the 
State of Delaware. United States of America, 
of 1700 South Second Street, Oty of St 
5 Louis. State of Missouri, United States of 
America, do hereby declare the invention. 
Cor which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de- 

10 scribed in and by the following statement: 

This invention relates to the production 
of alcohols containing at least four carbon 
atoms in the molecule. More particularly 

the invention relates to the provision of new 

15 catalysts or condensing agents for the Guer- 
bet reaction. 



Tbe Guerbet reaction is well known to the 
organic chemist. According to this reaction 
a primary or secondary alcohol which con- 
20 tains a methylene group attached to the car- 
bon atom of die carbind group, i.e.. the 
grouping -CH^CHOH- is condensed with 
itself .to form as the principal product, an 
alcohol containing double the number of 
25 carbon atoms of tbe starting alcohol, for ex- 
ample, n-butanol is condensed to 2-ethyl- 
hexanoL Similarly, wben two different alco- 
hols of the same kind are condensed, the 
nrindpal product is an alcohol containing 
30 the summation of the number of carbon 
atoms in tbe two reacting alcohols. Thus, a 
mixture of n-butanol and ethanol react to 
tom 2-ethylhexanoI (by condensation of 
two molecules of n-butanol), together with 
33 n-butanol (by condensation of two molecules 
of ethanol), n-hexanol and 2-ethyibutanol 
(by condensation of a molecule of n-butanol 
with a molecule of ethanol). A certain 
amount of condensation also occurs between 
40 the main higher alcohol produced and un- 
reacted starting material, as well as between 
two molecules of the main higher alcohol 
product, and so cm. for ming a series of 
higher molecular weight alcohols by ccnden- 
45 sation which theoretically can involve any 



Wo molecules present in the reaction mix- 
ture at a given time, so long a s at least one 
of the molecules undergoing condensation 
contains a methylene group attached to the 
carbon atom of the carbine! group. It is 50 
only essential that one alcohol should con- 
tain the grouping -CEU.CHOH- when two 
different alcohols are employed : the second 
alcohol may or may not contain such a 
grouping. As a practical matter, the quant- 55 
ity of alcohols higher than the main higher 
alcohol product is comparatively small 
The classical catalyst for the Guerbet re- 
action is sodium metal employed in the form 
of its alcoholate. It is known that the con- 60 
delation occurs with liberation of hydro- 
gen. However, the theories advanced for 
the particular mechanism of the Guerbet 
reaction, starting from the rime of Guerbefs 
first work prior to 1900 up to the present 65 
day, are many and there is far from general 
agreement as to what reaction or reactions 
actually occur during the transformation of 
an alcohol of the type described to a higher 
alcohol It seems apparent, however, that a 70 
plurality of reactions is involved, so that the 
process is particularly sensitive and not 
predictable as to the effect of a given cata- 
lytic material inasmuch as the postulated re- 
actions are of varying types. For these 75 
reasons the reaction has been of great theo- 
retical as well as practical interest to chem- 
ists who have investigated all phases there- 
of with numerous catalysts, reactants and 
reaction conditions. In addition to tbe al- 80 
cohols formed by condensation of two mole- 
cules of alcohols present in the reaction 
mixture, side reactions result in the forma- 
tion of other materials, principal of which 
are carboxylic adds (or salts thereof) and 85 
esters of carboxylic adds. It is ordinarily 
desirable to minimise formation of these by 
products. 

An object of this invention is to provide 
new catalysts for the Guerbet reaction. An 90 



h 



6EST AVAILABLE COPY 



BEST AVAILABLE COPY 



other object is to effect the condensation of 
primary and secondary alcohols which con- 
tain a methylene group attached to the car- 
bon atom of the carbinol group resulting 
5 in formation of higher alcohols. A further 
object is to increase the yield of the mam 
higher alcohol formed by direct condensa- 
tion of two mols of a starting alcohol of the 
type described and to minimise the con- 
10 comhant formation of by-product adds and 
esters. 

According to the present invention there 
is provided a process for the production of 
a primary or secondary alcohol having at 
J5 least four carbon atoms in the molecule by 
condensing an alcohol containing the group 
-CH-CH(OH)- with itself, or with another 
alcohol which may or may not have such a 
group, by the Guerbet reaction in which 
20 there is used as condensation catalyst an 
alkali metal or alkaline earth metal phos- 
phate which in 1% aqueous solution has a 
pH greater than 9. 

More specifically the invention provides a 
25 process for the production of a primary or 
secondary alcohol having at least four car- 
bon atoms in the molecule by condensation 
of one or two alcohols containing a -CH«CH 
(OH> group and having from two to ten 
30 carbon atoms in the molecule which compri- 
ses heating said alcohol or alcohols in the 
presence of a dehydrating agent for alco- 
hols and an alkali metal or alkaline earth 
metal phosphate which in 1% aqueuos solu- 
35 tion has a pH greater than 9. 

According to this invention the Guerbet 
reaction is effected in the presence of added 
catalytic amounts of phosphates having in 
1 per cent aqueous solution a pH greater 
40 than 9. The phosphates employed as cata- 
lysts are those of the alkali metals and the 
alkaline earth metals, preferably the for- 
mer* provided the pH is as designated Parti- 
cularly preferred are the crrtbo and pyro- 
45 phosphates. From the viewpoint of effect- 
iveness and availability, the phosphates of 
potassium are preferred. Sodium phosphates 
meeting the stated requirements are also 
valuable. In general, the more electroposi- 
50tive the alkaline earth metal or the alkali 
metal, the more effective a given quantity 
of catalyst, e.g., a caesium phosphate is bet- 
ter than the corresponding sodium phos- 
phate. However, the phosphates of potas- 
55 shim and sodium are usually the preferred 
catalysts for the present invention. Ex- 
amples of phosphates that can be used as 
catalysts for the Guerbet reaction in the 
practice of the invention and which are pre- 
60ferred, are: tripotassium phosphate, di- 
potassium hydrogen phosphate, trisodium 
phosphate, tricaldran phosphate and tetra- 
sodium and potassium pyrophosphates. 

By the use of the above phosphates, we 
65 nave obtained excellent results in carry- 



ing out the Guerbet reaction with a variety 
of alcohols. The extent of conversion is 
high for this reaction, and the ultimate 
yields are very good. Formation of acid and 
ester by-products is very low. 70 

Any catalytically effective amount of the 
chosen phosphate catalyst can be used, such 
as from 0.01 to 03 mol per mol of alcohol, 
but preferably the amount is from 0.05 to 
035 mol of catalyst per mol of alcohol 75 
charged to the reaction. The optimum 
quantity of catalyst to be used will be de- 
pendent to some extent upon the particular 
catalyst chosen, the particular alcohol or 
mixture of alcohols to be condensed, and 80 
the temperature and time of reaction. 

It is often desirable to employ additionally 
a dehydro-genation catalyst, preferably one 
of the known metal dehydro-genation cata- 
lysts, for example, copper, nickel, or copper 85 
chromite, or mixtures thereof. When a de- 
hydrogenation catalyst is also employed, 
suitable amounts are from 1 to 5 per cent 
bared on the weight of alcohol charged. 

The optimum temperature to be used will 90 
vary with the alcohol charged, but is usually 
in the neighbourhood of the critical tem- 
perature of the particular alcohol. By way 
of example, the critical temperature of n- 
butanoL is 287 ; G and we have obtained ex- 95 
cellent results in condensing u-butanol in 
accordance with this invention at 290- 
300°C. As a general rule, the reaction can 
be effected at a temperature of from SOX. 
below the critical temperature of the alco- 10O 
ol to 50°C above the critical temperature, 
the temperature used within this range, how- 
ever, being chosen to give an economical 
rate c£ reaction without undue decomposition 
and side reactions. In some instances tern- JQ5 
peratures outside this range can be em- 
ployed. 

A suitable time of reaction for a batch 
process is from 4 to 10 hours, but in most 
instances 4 to 5 hours is sufficient and any } JO 
considerable increase in time may actually 
lower the yield of the desired product. Or- 
dinarily the reaction time required for a 
continuous flow-type of reaction system is 
considerably less than that required for a 115 
batch reaction. In a given instance a time 
of reaction will be chosen to provide a satis- 
factory economic balance between high con- 
version of starting alcohol to products other 
than the starting alcohol, and high ultimate 12O 
yield of desired higher alcohol, i.e„ a high 
proportion of the starting alcohol being con- 
verted to the desired higher alcohol pro- 
duct. 

The process is commonly effected under 125 
pressure, but sometimes this is not necessary 
provided temperature and reaction times 
are properly selected to give significant ex- 
tent of reaction at atmospheric pressure. For 
some alcohols the boiling temperature at 130 
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atmospheric pressure is not sufficiently high mary or secondary alcohol containing a 
to give an adequate rate of reaction. How- methylene group attached to the carbinoi 
ever, the process is usually best effected un- group and having 20 carbon atoms in the 
dCT pressure and the autogenous pressure of molecule can be condensed with itself cr 
3 die reaction mixture is quite suitable. If with other alcohols within the general defi-70 
desired, the pressure can be increased above nition. Ordinarily, however, the invention 
this value by the i n cl u sio n of added gas, is most desirably applied to alcohols con- 
such as an inert gas. Le., nitrogen, or even taming from 2 to 10 carbon atoms in the 
an active gas, such as hydrogen. molecule. Examples of alcohols which can 

U fc preferred to effect the reaction under be used include the following: ethanol. 75 
conditions enab lin g removal of water from n-butand. n-hexanol, n-octanol, propanol, 
tiie reaction system as water is formed dur- i-propanol, octanol- 2 , 4 -methyi-pentanol- 2 , 
ing the reaction. Such removal of water is bka-phenylethanol and cyclobexanol. Two 
..generally beneficial for high conversions of these can be reacted with each other, for 
and yields. One very effective method of example, n-butanpl with ethanol. Further 80 
obta ining such removal of water is by sub- the following alcohols, although not them- 
jecting the reaction mixture to azeotropic “Ives reactive, will react with a second al- 
distaiation while the reaction proceeds, and oohol whkh contains tHe -CH..CHR (OH) 
separating out water from the condensate grouping (in which R is a hydrogen atom or 
20 while returning the other components there- 311 “fyl or aryl group), to form higher al- 6 
of to the reaction mixture. Such azeotropic cohols : i-bntanol. benzyl alcnhpi, 2 -ethyl- 
distillation can be effected either in the pres- hexanol-(l), 2 -ethylbutanol-(l), dnnamyl 
ence or absence of a volatile entrainiog clcohol, para-methoxy benzyl alcohol, tor 
agent, for example, benzene or other inert example, i-butanol with n-butanoL 
hydrocarbon winch aids the distillation of The following examples illustrate the in- 90 
water from the reaction mixture. Whether vention. 
or not to use such volatile entraining agent . Examecb 1 

trill depend upon the particular alcohol em- A mixture of 214.0 grains (2 mols) of 
ployed and the cha r a ct eristics of the vapour- n-hexanol and 53.0 grams (0.25 mol) of tri- 
30 liquid equilibria for a given system. Alter- potassium phosphate was refluxed at 158-95 
natively, a chemical dehydrating agent for 160°C. under atmospheric pressure until 
alcohols can be present in the reaction mix- 7.0 cc. of water formed and collected by 
tare to remove water as it is formed; a separation from the reflux liquid bang re- 
_ metal oxide stable under the reaction con- turned to the reaction flask. Then 8.0 grams 
-so ditions, for example, calcium oxide or mag- a nidrel : copper dehydrogenation cata- JOO 
nssium oxide, can be satisfactorily em- lyst containing nickel and copper in a 44 : 56 
ployed. ratio by weight was added to the reaction 

Since the Guerbet reaction is well known ™ixture, and the reaction continued for a 
it is unnecessary to recite in detail the nu- period of 23 hours. Water formed during 
40merous alcohols which can be employed the reaction was separated out as rapidly as 105 
alone or in admixture with each other as the was formed. 21.5 cc. bang thus removed, 
starting materials. The invention is broadly The reaction mixture was then filtered and 
applicable to primary or secondary alcohols fractionated. 2-Butyloctauol in an amount 
which contain a methylene group attached 88-8 grams was obtained, boiling point 
■45 to the carbon atom which bears the hydroxyl 106-108°C./3imn. of mercury, 0.891 110 
group. The alcohol can be wholly ali- This is a conversion of 45.5 per cent of that 
phatic m character or can include an arc- theoretically possible if all of the n-hexanol 
matic group. Alicyclk alcohols meeting the charged were converted to 2-butyloctanoL 
«o^ ted t. re S lm ! emenl ? 0X0 8180 “PPUcable. Al- (Conversions reported herein are all on this 
50 though the invention is usually applied to basis of per cent of theoiy). The amount of 115 
alcohols containing only carbon and hydro- high boiling residue, which inning alco- 
gen i n addi tion to the oxygen of the hyd- hols higher than those containing 12 carbon 
roral groups, it can also bo applied to alee- atoms in the molecule, and esters, was 57.7 
• v 001 !® t ^ e general definition grams. The add content was 3.1 grams 

.55 which also contain non-hydrocarbon groups Unchanged n-bexanol recovered by distUla - 120 
winch do not interfere with the desired con- non can be recharged to a continuous pro- 
densation. The invention can be applied tess or subjected to the same reaction in a 
to an alcohol having an olefinic double separate batch, 
bond although that bond may in some In- Example 2 

-60 stances enter into reaction to some extent Under conditions generally simitar to 125 
The invention is applicable to primary and those cited in Example 1 , except that the 
secondary alcohols having at least two car- total reflux time was only 10 hours, 214.0 
bon atoms, i.e.. from ethanol upwards and grams of n-hexanol, 53.3 grama of tripo- 
subject only to reasonable thermal stability tassium phosphate, 8.0 grams of copper de- 
$5 under the reaction conditions. Thus, a pri- hydrogenation catalyst, and 5.0 grama 0 f jjq 
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activated decolorising bone charcoal were described in the preceding Examples, re- 
refluxed at 157-168°C. and atmospheric suiting in a recovery of 50.0 grams of 2- 
pressure. The water which was removed as ethylhexanol, which is a conversion of 12.5 
rapidly a3 formed in the reaction amounted per cent of theory. Higher boiling materL! 

5 to 14.S cc. The resultant liquid was fil- amounted to 16 3 grams. 70 

tered from the solids and then fractionated. Example 7 

yielding 56.6 grams of 2-butyloctanol and A stirred autoclave was charged with 6 
20.0 grams of higher boiling material. The mols of n-butanol, 025 mol of dipqtassium 
recovery of unchanged n-hexanol was 1293 orthophosphate and 0.5 mol of calcium ox- 
lOgrams. The conversion to higher alcohol ide. The reaction mixture was maintained 7 * 
was 28.9 per cent of theory, with a yield of at 290 C C. for 5 hours. 

66.8 per cent of theory. As a result of the reaction there was ob- 



Example 3 

A mixture of 444.0 grams of n-butanol 
15(6.0 mols), 533 grams of tripotassium phos- 
phate and 20.0 grams of copper dehydro- 
genation catalyst was placed in a steel auto- 
clave which was then sealed and heated to 
290 3 C. for 5 hours with agitation by stirr- 
20ing. At the end of this time, the autoclave 
was opened, the solids removed by filtra- 
tion , and the organic material was distilled. 

2-ethyIhexanol was obtained in an amount 
of 94.0 grams, representing a conversion of 
2524.1 per cent of theory. Higher boiling 
material amounted to 20.0 grams. 

Example 4 

An autoclave was charged with 444.0 
grams (6.0 mols) of n-butanol, 53.0 grams 
3 ((025 mert) of tripotassium phosphate. 56.0 
grams (1.0 moD of calcium oxide and 20.0 
grams of copper dehydrogenation catalyst 
The reaction mixture was heated at 290 'C. 
for 5 hours with agitation by stirring. The 
35 mixture was then filtered and distilled, 
yielding 156.0 grams of 2-ethyihexanol 
(1.19 grams) and 223 grams of higher boil- 
ing material Unreacted butanol amounting 
to 2263 grams was recovered. The conver- 
40 sion of n-butanol to 2-ethyihexanol was 40.0 
per cent of theory, with the yield amounting 
to 81.6 per cent of theory. 

Example 5 

Under conditions similar to those cited 
45 in Example 4, 444.0 grains of n-butanol (6.0 
mols), 80.0 grams (0,37 mol) of tri potassium 
phosphate, 280 grams (03 mol) of calcium 
oxide, and 20.0 grams of copper dehyro- 
genation catalyst were heated to 290 3 C. for 
0 5 hours. Upon cooling the mixture was fil- 
tered and die organic material was dis- 
tilled. 2-ethyihexanol was obtained in the 
amount of 150.0 grams (1.15 mols), which is 
a conversion of 38.4 per cent of theory. 
55 High boiling material amounted to 223 
grams. Recovered unreacted butanol was 
2513 grams. Wh-m the phosphate was ab- 
sent no condensation took place. 

Exampi e 6 

60 a stirred autoclcave is charged with 6 mols 
of n-butanol 025 mol of tetrapotas- 
sium phosphate (KPXV) and 03 mol of 
calcium oxide. The reaction mixture was 
maintained at 290°C. for 5 hours. 

65 The resulting material was worked up as 



tained 92.0 grams (0.72 mol) of 2-ethyI- 
hexanol which is a conversion of 23.6 per 
cent of theory. Higher boiling materials 80 
amounted to 183 grams. 

Example 8 

A stirred reaction flask equipped with re- 
flux condenser was charged with 303.0 
grams (3.0 mob) of cydobexanol, and 02585 
mol of tripotassium phosphate catalyst The 
reaction mixture was refluxed for 10 hours 
at a reflux temperature ranging from 160 to 
201 r C. Water was separated out continu- 
ously from the condensed reflux, a total of90 
32.4 mol of water being thus removed. 

On working up the reaction mixture. 
1543 grams of 2-cydohexyM-cyciohexanoI 
was recovered, b.p. 116-118 3 C. at 3 mm. of 
mercury, n 2 ff= 13037-8 : d ? =0.975. 95 

This represents a conversion of 563 per 
cent of theory Also recovered was 40 grams 
of a solid by-product which was presumed 
to be impure dicyclohexyl- 1 -cyclohexanoL 
What we claim is: — Iqq 

1. A process for the production of a pri- 
mary or secondary alcohol having at least 
four carbon atoms in the molecule by con- 
densing an alcohol containing the group 
-CHsCH(OH> with itself, or with another J05 
alcohol which may or may not have such 

a group, by the Guerbet reaction in which 
there is used as condensation catalyst an 
alkali metal or alkaline earth metal phos- 
phate which in aqueous solution has a 110 
pH greater than 9. 

2. A process for the production of a pri- 
mary or secondary alcohol having at least 
four carbon atoms in the molecule by the 
condensation of one or two alcohols contain- 115 
ing a -CftCH(OH)- group and having from 

2 to 10 carbon atoms in the molecule which 
comprises heating said alcohol or alcohols 
in the presence of a dehydrating agent for 
alcohols or a volatile entraining agent and an 12O 
alkali or alkaline earth metal phosphate 
which in 1% aqueous solution has a pH 
greater than 9. 

3. A process according to either of 
Claims 1 or 2 in which the phosphate is 125 
present in an amount from 0.05 to 025 mol 
per mol of alcohol present 

4. A process according to any of the pre- 
ceding claims in which the phosphate is tri- 
sodium, tripotassium, or tri calcium phos- 130 
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phate, dipotassrum hydrogen phosphate or 
tetrasodium or potassium pyrophosphate. 

5. A process according to any of the pre- 
ceding claims in which the alcohol is heated 
Sat from 50°C. below the critical tempera- 
ture of tiie alcohol to 50°CL above the criti- 
cal temperature under the autogeneously 
developed pr e s s ur e . 

6* A process according to any of the pre- 
10 adding daims in which there is additionally 
present a dehydrogenation catalyst 

7. A process according to Claim 6 in 
which the dehydrogenation catalyst com- 



prises copper, nickel or copper chromite. 

8. A process for the production of a pai- 15 
mary or secondary alcohol having at least 
four carbon atoms in the molecule substan- 
tially as hereinbefore described with refer- 
ence to any one of the Examples. 

9. A p rimar y or secondary alcohol when- 20 
ever obtained by the process of any of the 
pre ceding claims. 

STEVENS, LANGNER. PARRY & 
ROLLINSON. 

Chartered Patent Agents 
and Agents for the Applicants. 
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